Westinghouse Astronuclear Laboratory contribution to the twenty-sixth high temperature fuels committee meeting, April 30--May 1 and 2, 1968 by Fleischer, L.R.
CONFIDENT AL 
RCSTRICTCD PATA 
~W I r mm flu ID I 
S u b c o n t r a c t N P - 1 
LCCL 
PO-C 
W A N L T M E I 7 8 1 
April 1968 
Westinghouse Astronuclear Laboratory 
WESTINGHOUSE ASTRONUCLEAR LABORATORY 
CONTRIBUTION TO THE 
TWENTY-SIXTH HIGH TEMPERATURE FUELS 
COMMITTEE MEETING 
APRIL 30 - MAY 1 AND 2, 1968 ^ ^ v " 
C T i t l e U n c l a s s i f i e d ) 
iaSn«BJJK)M0E .THIS DOCUMENT IS UHLIMITED 
M\)KjKjf\ 
DISCLAIMER 
 
This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 
S u b c o n t r a c t N P - 1 
NOTICE 
Ttijs repor^Hlllll^nformation o^y^RIminary nature and 
was prepared pr i [n f f i | ^ | | ^ | ^^ | [^ i se at the originating 
installation. It is s u b i ^ ^ ^ ^ B i ^ ^ or correction and 
therefore does noyjf^sent a f ina^mik^t is passed to the 
recipient h^^ffiaence and should noff^^^stracted or 
furths^^ffiosed without the approval o f l U originating 
ttion or USERDA Technical information Center, Oak 
Ridge, TN 37830. 
Westinghouse Astronuclear Laboratory 
WANL-TME-1781 
April 1968 
— NOTICE-
This leport was prepared as an account of work 
sponsored by the United States Government. Neither 
die United States nor the United States Energy 
Research and Development Administration, nor any of 
their employees, nor any of their contractors, 
subcontractors, or their employees, makes any 
warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or 
process disclosed, or represents that its use would not 
infringe privately owned rights. 
WESTINGHOUSE ASTRONUCLEAR LABORATORY 
CONTRIBUTION TO THE 
TWENTY-SIXTH HIGH TEMPERATURE FUELS 
COMMITTEE MEETING 
APRIL 30 • MAY 1 AND 2,1968 
C T i t l e U n c l a s s i f i e d X.s"^^^ 
PREPARED BY: 
L. R. F l e i s c h e r 
DETEuMiilAflON 
Class: U 
11 
jvcrs 
u 
- \ . -
Class. oSt 
>N CATEGORY 
s I F l E R D A T E 
(The preliminary informaHon presented in this report should not be published 
without prior wri t ten approval of the Westinghouse Astronuclear Laboratory. 
The work performed was supported by the Space Nuclear Propulsion Of f ice) . 
D i lrt/BJTiUN UE THSS DOCUMtNf fe ..'Ni • ' / ' 
«:..* 
'*^.. 
s. 
! * # • « 
/^j^ Astronuclear 
\ ^ Laboratory 
TABLE OF CONTENTS 
Section 
1.0 
2.0 
3.0 
4.0 
INTRODUCTION 
TEST OBJECTIVES 
FUEL PERFORMANCE 
3. 1 Reactivity Change 
3.2 Total Weight Loss 
3.3 Incremental Weight Loss 
3. 4 Surface Corrosion 
3.5 Pinholes 
CONCLUSIONS 
Page 
1-1 
2-1 
3-1 
3-1 
3-1 
3-4 
3-4 
3-8 
4-1 
-%?*-
«£-- ® Astronuclear Laboratory 
LIST OF ILLUSTRATIONS 
Figure 
3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
(CRD) 
(CRD) 
(CRD) 
(CRD) 
(CRD) 
(CRD) 
3-7 (CRD) 
Page 
Variat ion of Cumulative Reactivity Loss with Time 3-2 
for the NRX-A4, NRX-A5, and NRX-A6 Reactors (U) 
NRX-A6 Fuel Element Weight Loss Versus Core 3-3 
Radius (U) 
Measured Incremental Weight Loss for Typical NRX-A6 3-5 
Fuel Elements (U) 
Post-Test Surface Profiles of NRX-A6 Fuel Elements (U) 3-6 
NRX-A6 Core During Post-Test Disassembly (U) 3-7 
Pinholes and Dimples at the Surface of NRX-A6 Fuel 3-9 
Element (U) 
NRX-A6 Axial Distribution of Holes, Pinholes, and 3-10 
Dimples (U) 
COUUCUiLIUM. 
RESWIULU UMIA © S o T 
1.0 INTRODUCTION 
(U) The sixth reactor of the NERVA series, NRX-A6, was tested at NRDS in December, 
1967. This was the f i f th NERVA reactor tested under nuclear power and was the most suc-
cessful. 
(U) The NRX-A6 core has been disassembled and its components examined. The re -
sulting raw data are currently being processed and analyzed. This report is a preliminary 
assessment of the test results indicated by these data. 
(CRD) The reactor operated at ful l design power for more than 60 minutes. The exi t gas 
temperature was on the order of 2050 C, and the average temperature of the gas at the fuel 
element exits was in the range 2130 C to 2290 C. During this operation the react iv i ty loss 
from the core was 65 / (a drum rotation of 11 degrees),indicating a great decreose in corrosion 
loss over previous test cores. 
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2.0 TEST OBJECTIVES 
(U) From the point of view of fuel performance, the general test objectives were as 
fol lows: 
1) To operate at rated conditions for a total time of 60 minutes. 
2) To evaluate the effects of 60 minutes of ful l power operation on the structural 
integrity of the core. 
3) To evaluate the nuclear, thermal, and f lu id f low performance of the reactor. 
A l l test objectives were met. 
(CRD) The most significant information coming from the test was the indication of greatly 
improved fuel capabi l i ty . The combination of improved fuel coating techniques, dimensional 
control, attention to relat ive thermal expansion rates, flattened core power distr ibution, and 
changes in core interstit ial pressure distribution resulted in marked improvements in core 
corrosion performance. In particular, the improved performance with respect to coolant 
channel corrosion resistance, primarily in the mid-band region, has resulted in elements 
capable of 60-minute, one-cycle operation at exi t gas temperatures up to 2190 C wi th 
weight losses averaging about 13 grams per fuel element, 
(U) In addi t ion, comparison of quality control and other parametric, e lectr ical ly power-
ed corrosion tests of NRX-A6 elements w' th reactor corrosion performance indicates a suc-
cessful correlation of corrosion test results wi th reactor results. Further, the corrosion test 
results indicate that two and perhaps more cycles could be tolerated for a total of 60 minutes 
of operating time at NRX conditions. 
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3,0 FUEL PERFORMANCE 
(U) The principal measure of NERVA fuel performance is its resistance to reaction 
wi th the hydrogen coolant, called corrosion by analogy to more conventional reactor tech-
nology. The significance of fuel corrosion lies both in its effect on the structural integrity 
of the core and in its effect on the react iv i ty of the core. The corrosion-caused react iv i ty 
change is a function of both the loss of fissile material and the loss of moderator. 
3.1 REACTIVITY CHANGE 
(CRD) The in i t ia l indication of fuel corrosion resistance in a NERVA reactor test is the 
degree of rotation of the control drums needed to counteract the in-core react iv i ty loss. 
The behavior of NRX-A6 in this respect was far superior to that of previous cores tested, as 
shown in Figure 3 - 1 , The cumulative react iv i ty loss of NRX-A6 in a 60-minute test was 
only $0,65, which was compensated by a control drum angle change, A © , of 11 degrees. 
This compares very favorably to react iv i ty losses and drum angle changes of $3,21, 59 degrees 
and $2.15, 38 degrees in the NRX-A4 (EST) and NRX-A5 reactor tests after 30 minutes of 
operation, 
3.2 TOTAL WEIGHT LOSS 
(CRD) Examination of individual fuel elements confirmed the indications of the low 
react iv i ty loss. The extent of fuel corrosion was much smaller than in previous reactor 
tests. The weight lost by fuel elements is shown in Figure 3-2 as a function of their positions 
in the cy l indr ica l ly symmetrical core. The average weight loss per element was 13.2 grams, 
less than half the average amount lost in the two previous shorter reactor tests. The time rate 
of corrosion in NRX-A6 was about one-f i f th that observed in NRX-A4 and NRX-A5. 
(CRD) O f the average weight lost per element, an estimated 2 grams is attributed to the 
loss of molybdenum deposited over the niobium carbide coolant channel coating. The fraction 
of the Mo deposit which inf i l t rated the cracks in the NbC coating was found to be effective 
in decreasing corrosion. However, the Mo lost from the NbC surface was of l i t t le value. Thus, 
the effect ive average weight loss per element due to corrosion was more nearly 11.2 grams. 
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Figure 3-1 (CRD) Variation of Cumulative Reactivity Loss with Time for the NRX-A4, NRX-A5, 
and NRX-A6 Reactors (U) 
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Figure 3-2 (CRD) NRX-A6 Fuel Element Weight Loss Versus Core Radius (U) 
CQMCilAfittfybL 
II • r I inr4 @ L I S 5 " 
3.3 INCREMENTAL WEIGHT LOSS 
(CRD) The typical incremental weight loss curve characterizing NERVA fuel corrosion 
included a large maximum covering the core station 20 to 30 range, a f a l l -o f f to a relat ive 
minimum farther downstream and an increase again at the hot end. The fuel used in NRX-A6 
el iminated the mid-band peak. TVie average weight loss of the upstream two-thirds of the 
fuel elements (stations 0 - 35) was about 2 grams, on the order of one-f i f th of the total weight 
loss. Data i l lustrat ive of this behavior are shown in Figure 3-3, 
(CRD) The mid-band and hot-end incremental weight losses observed in the NRX-A6 reactor 
test fuel elements were similar to those obtained from NRX-A6 elements tested e lect r ica l ly . 
Limited metallographic studies have shown a remarkable similari ty in coolant channel corrosion 
characteristics for the two types of tests. 
(CRD) The superior corrosion resistance of the fuel in the mid-band region as shown in the 
reactor test confirmed pre-test predictions of fuel performance. These improvements are largely 
attr ibuted to changes in coating technique since the production of NRX-A5. These changes 
included deposition of a thinner coating to achieve a smaller crack size and the use of a lower 
NbC deposition temperature to decrease the thermal contraction mismatch and consequently 
the number of cracks. In addit ion, molybdenum was deposited over the NbC to f i l l the cracks. 
3.4 SURFACE CORROSION 
(CRD) Surface corrosion effects were also small in NRX-A6 as compared to NRX-A4 and 
NRX-A5, This has been attributed to a t ight , uniform element bundling and to superior 
corrosion resistance of the fuel elements. Paradoxically, these characteristics enhanced 
interstit ial pyrocarbon deposition and interelement bonding which caused fuel element 
breakage during disassembly. However, of the 234 elements broken, only about 18 were 
broken at positions of severe corrosion. 
(CRD) Typical surface corrosion profiles are shown in Figure 3-4. Note the positive 
deviations from the original surface due to pyrocarbon and soot deposition as well as the 
negative deviations due to corrosion. This explains the banded structure seen across the 
fuel elements in Figure 3-5 in the part ial ly disassembled core. 
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3-4 (CRD) Post-Test Surface Profiles of NRX-A6 Fuel Elements (U) 
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3.5 PINHOLES 
(CRD) Pinhole and channel exposure occurrences in NRX-A6 elements as shown in 
Figure 3-6 were five to ten times less frequent than observed in NRX-A4 and NRX-A5. 
The axial distribution of pinholes is shown in Figure 3-7 where the data points are averaged 
over a large number of elements. 
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Figure 3-6 (CRD) Pinholes and Dimples at the Surface of NRX-A6 Fuel Element (U) 
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Figure 3-7 (CRD) NRX-A6 Axial Distribution of Holes, Pinholes, and Dimples (U) 
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4.0 CONCLUSIONS 
(CRD) The NRX-A6 reactor test demonstrated the capabi l i ty of NERVA reactors to 
operate for 60 minutes at or above design conditions of 2050 C gas exi t temperature 
and 1120 Mw power. 
(U) The key NRX-A6 nuclear and thermal parameters measured at ful l power agreed 
wel l w i th predictions. 
(CRD) The react iv i ty loss from the NRX-A6 core during the 60 minutes of operation at 
fu l l power was 65 ^ (compensated by a control drum rotation of 11 degrees), which was 
a great decrease in corrosion loss from the core in comparison wi th prior nuclear rocket 
tests. 
(U) Examination of the corrosion of individual fuel elements confirmed the conclusion 
drawn in regard to the basis of react iv i ty loss: fuel element resistance to corrosion was superior 
(U) Al l of the NRX-A6 reactor test objectives were successfully accomplished. 
